Recently, S. dysgalactiae subsp. dysgalactiae has been reported to be associated with toxic 14 shock like syndrome in cattle (9), suppurative polyarthritis in lambs (28), bacteremia in 15 dogs (66), systemic granulomatous inflammatory disease, and severe septicaemia in fish 16 (16) and in ascending upper limb cellulitis in humans in contact with raw fish (27). The 17 presence of streptococcal pyrogenic exotoxin G gene (spegg) and streptolysin S structural 18 gene (sagA), which have been associated with invasive disease in the exclusively human 19 pathogen Streptococcus pyogenes (group A Streptococcus-GAS), has been documented in 20 fish isolates of S. dysgalactiae subsp. dysgalactiae (1) . We have previously reported the 21 presence of GAS phage-encoded virulence genes among alpha-hemolytic S. dysgalactiae 22 subsp. dysgalactiae isolates from bovine mastitis, namely the streptococcal pyrogenic 23 exotoxin genes speK, speC, speL, speM and phage DNase1 gene spd1, and other genes 24 located on mobile genetic elements (48). So far no more information is available regarding 1 the presence of GAS virulence genes among S. dysgalactiae subsp. dysgalactiae strains and 2 nothing is known regarding the presence of GAS prophages in S. dysgalactiae subsp. 3 dysgalactiae. However, exchange of lysogenic phages among GAS and other human and 4 animal species, particularly the group C Streptococcus dysgalactiae subsp. equisimilis (a 5 pathogen that colonizes and infects humans with a clinical spectrum of diseases resembling 6 GAS), Streptococcus equi subsp. equi (exclusively horse pathogen) and S. equi subsp. 7 zooepidemicus (a zoonotic pathogen) has been previously reported (68, 19) . 8 The aim of the present work was to use a microarray of genes encoding GAS virulence 9 factors (41) to have a better insight into the virulence gene pool (either chromosomal or 10 mobile genetic elements encoded) shared between GAS and alpha-hemolytic S. 
Materials and Methods

17
Bacterial isolates and identification: A total of 18 alpha-hemolytic S. dysgalactiae subsp. 18 dysgalactiae field isolates of Lancefield group C (GCS), causative of bovine subclinical 19 mastitis in dairy herds in Portugal, were used in the present study. Detailed information 20 regarding these field isolates, including identification and molecular typing data has been 21 described previously (48). In addition, six non duplicated beta-hemolytic S. dysgalactiae 22 subsp. equisimilis isolates of Lancefield group G (GGS) (n=5) and group C (GCS) (n=1), 23 causing pharyngitis (n=5) and invasive disease (n=1), in humans collected in Portugal, were 24 included in the study for purpose of comparison. Identification of S. dysgalactiae subsp. 1 equisimilis isolates was based on colony morphology, hemolysis in blood agar plates, 2 Lancefield grouping using the Streptex kit (Remel Europe Ltd, Dartford, England) and by 3 PCR amplification of the 16S rRNA gene and sequencing (71). Two GCS alpha-hemolytic 4 S. dysgalactiae subsp. dysgalactiae strains were analysed for detection of selected virulence 5 genes. One of these strains was associated with toxic shock-like syndrome in cattle (9). The 6 other strain caused ascending upper limb cellulitis in humans in contact with raw fish (27). 7 We confirmed the identification of both strains by PCR amplification of the 16S rRNA 8 gene and sequencing (71) and of the sodA gene and sequencing (1) . Sequences were 9 analysed by using the BioEdit sequence alignment editor (17) and compared with 10 sequences from the National Center for Biotechnology Information (NCBI) database 11 (Bethesda, MD, USA) by using the Blast alignment tool (www.ncbi.nlm.nih.gov/BLAST).
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Pulsed-field gel electrophoresis (PFGE) profiles for clonal characterization: The 14 description of the bovine S. dysgalactiae subsp. dysgalactiae GCS field strains (n=18) 15 including typing by PFGE has been described previously (48 Microarray design and hybridization: The microarray has been described previously (41) 22 and was used with minor modifications. In brief, the array consists of 70mer 23 oligonucleotides from the conserved regions of all 'classical' GAS virulence factors and 24 orthologous of virulence factors found in other bacterial species as well as putative 1 virulence genes present in the M1, M3, and M18 genome. In total 220 virulence 2 factor/extracellular protein genes, ten house-keeping genes (positive controls), and ten 3 negative controls were randomly spotted in six locations on the chip. 4 Genomic DNA was extracted using circonicum beads in combination with the Qiagen 5 DNeasy kit (Qiagen). Genomic DNA was partially digested with AluI yielding fragments of 6 a size between 500-1000 base pairs and labeled with biotin. The labeled DNA was purified 7 (PCR Purification Kit; Qiagen) and labeling efficiency was verified by gel electrophoresis.
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Array hybridization was performed at 42°C for 16 hours, followed by incubation with 9 Streptavidin-Cy5 using a SlideBooster SB800 (Advalytix). Fluorescence signals were 10 obtained with a DNA Microarray Scanner G2565CA (Agilent Technologies) at 633 nm 11 excitation and quantified using ImaGene software (BioDiscovery).
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Microarray data processing: The raw data were corrected for background and 14 transformed to log scale. A two component normal mixture model (39) was fitted to the 15 corrected data by a maximum likelihood method adapted from the mclust package (12). A 16 discriminant function was calculated to represent the propensity of a gene for being present 17 or absent. Discriminant values were stored in a signal probability matrix and colored for 18 presentation purposes using the following scheme: black indicates state 0 (not present), 19 green indicates state 1 (present), and yellow indicates indecisive measurement.
20
Dendrograms were calculated based on the signal probability matrix by using euclidean 21 distance and the average linkage method by using the R statistics package (www. speL, speJ, ssa, smeZ, spegg, and prtf1 (see Table 1 ).
13
Both strains were negative for all the genes with the exception of sagA. what has been described for GAS (3). However, the lack of association of sets of genes 5 encoded by complete phage genomes in our bovine isolates strongly suggests a 6 recombinatory mosaic nature of phages as observed for GAS (3).
7
Also interesting was the observation that "non-bacteriophage associated" genes previously 8 shown to be located in recombinatorial and mutational hotspots of GAS genome and thus 9 considered to be associated with lateral gene transfer (40, 41) were detected in both the 10 bovine GCS and human GCS/GGS isolates from the present study (see Table 2 ). (pharyngitis and invasive), we detected nine genes that were not detected in the bovine 6 isolates. Out of these nine genes, the following five were previously described in human S. observed that all these nine genes from GAS were expressed in human GCS/GGS isolates.
2
These observations together with the absence of these nine genes in the bovine GCS from 3 this study suggest that they may be more important in human-host streptococci than in 4 animal-host streptococci.
6
Sequence data and phylogenetic analysis of superantigen genes of bovine group C S. Streptococcus from the present study and of sequences of S. pyogenes, S. equi subsp. equi, 21 group C Streptococcus sequences from the present study are designated in the tree in italic. 
